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Abstract
Project Code : DPG5380002
Project Title  : Sis Konkuti Rooted-Frontier Research on Nanoelectronics and Nanophotonics
Investigator  : Prof. Dr. Somsak Panyakeow Assoc. Prof. Dr. Banyong Toprasertpong
Assoc. Prof. Dr. Choompol Antarasena Assoc. Prof. Dr. Somchai Ratanathammaphan
Assoc. Prof. Dr. Songphol Kanjanachuchai Lecturer Dr. Chanin Wissawinthanon
Mr. Supachok Thainoi Mr. Pornchai Changmoang

Semiconductor Device Research Laboratory, Department of Electrical Engineering,

Faculty of Engineering, Chulalongkorn University

Project Period : 3 years

This research project on “Rooted Sis Konkuti: Fundamental Research on Nanoelectronics and
Nanophotonics” has been supported by “TRF Distinguished Research Professor” during 2010-2013. Two
main objectives are human development in S&T and by doing a fundamental research on nanotechnology.
Man power development is focused on graduated students at Ph.D. level with a recruitment process from
undergraduate students with good academic performance. After some experience as post doctoral
researcher, they become driving force for local industry and academic community. The fundamental
research on nanoelectronics and nanophotonics has been conducted since 2000 with the series of supports
from “TRF Senior Research Scholar” / “AOARD-USA” / “National Nanotechnology Center” and
Chulalongkorn University.

During 3 years of “TRF Distinguished Research Professor”, research outputs on nanostructures,
i.e. quantum dots, quantum dot molecules, quantum rings, etc., using III-V compound semiconductors like
arsenide, phosphide and artimonide being grown by molecular beam epitaxy which can control those
nanostructures at atomic scale on Gallium Arseride and Germanium substrates. Analytical work by atomic
force microscopy (AFM) gives us the details of those nanostructures being related to growth informations
from reflected high energy electron diffraction (RHEED). Emission spectrum from nanostructures by
photoluminescence technique gives us the understanding of their physical, electrical and optical properties,
which is vital in nanoelectronic and nanophotonic device applications, such as quantum computer,

quantum dot lasers, quantum dot solar cells. These are new wisdom for the future global society.



vii

Executive Summary

The key outputs of this research project “Rooted Sis Konkoti: Fundamental Research on
Nanoelectronics and Nanophotonics” are S&T human resource development and scientific works on
nanotechnology. Recent progress on nano-scale electronics inspires young engineers to search for new
applications in quantum computation, quantum devices which are fast, energy efficient and less material
consumption. Some electrical engineering undergraduate students with good academic performance are
recruited to continue their higher education to Ph.D. level and later-on to post doctoral research on this
challenging field of study. They are called “Sis Konkuti” who become hope for scientific development in
our country. Some of them are active in industry, research institutes and universities.

This research project has been supported by many organizations during the past decades to set up
advanced research equipments and infrastructure. Two chambers of molecular beam epitaxy (MBE) are
the main research tool to create different kinds of nanostructures like quantum dots, quantum dot
molecules, quantum rings, etc. from III-V compound semiconductors. During 3 years of TRF
Distinguished Research Professor, more effort on Antimonide (Sb) based nanostructures is focused.
Combination of ITI-V compound semiconductor with elemental Germanium (Ge) substrates is another new
approach of this project. They are potentials for new generation of high performance solar cells and
infrared detectors.

In 2010, 2011, 2012 and 2013, 27 international papers have been published in several journals
such as Journal of Crystal Growth, Journal of Microelectronic Engineering, Journal of Nanoseience and
Technology, Journal of Solar Energy Materials and Solar Cells. Contributed chapter to a text book on
“Quantum Dot Molecules” are also invited by the well known editor, Prof. Zhiming Wang. A book written
in Thai on “Nanoelectronics and Nanophotonics” is in press by Chulalongkorn University Press. This
book is aimed to inspire young students both in high school and university levels.

During the past 3 years, 23 and 33 papers have been presented at National and International
Conferences. Some of them are invited and plenary talks at different conferences both in Thailand and at
foreign countries.

In addition, 3 patents are submitted in 2013.
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SIS KON KUTI

Dr. Suwat Sopitpan with Prof. Inez Isele (co-advisor from Universitat der Bundeswahr, Munchen), he is

now senior engineer at Thailand Microelectronic Center (TMEC), NSTDA.

Dr. Suwit Kiravittaya, he spent 8 years in Germany (Max Planck Institute and Nanoscience Research
Institute at Dresden) after his Ph.D. graduation from Chulalongkorn University. He is now lecturer at

Naresuan University, Pisanurok.



X

Dr. Rudeesun Songmuang did part of her Ph.D. thesis at Max Planck Institute, Stuttgart having Dr. Oliver
Schmidt as her co-advisor. She is now working as full time researcher at CNRS in Grenoble, France doing

research on Silicon nanowires.

Dr. Suwaree Suraprapapich spent one year at UC San Diego with Prof. Charles Tu as her co-advisor during
her Ph.D. study at Chulalongkorn University. She was a Post Doctoral researcher at Waseda University in

Japan after her graduation. She is now a chief engineer at SEAGATE company in Thailand.
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Dr. Wipakorn Jeevasuwan (first right) together with other Sis Kon Kuti is now a Post Doctoral Researcher

at AIST, Tsukuba in Japan after her Ph.D. graduation from Chulalongkorn University.

Dr. Ongarj Tangmetajittakul (fourth from right) is now an engineer working on DFB laser for fiber

communication at Thailand Furukawa Company in Bangkok.

Dr. Poonyasiri Boonpeng (sixth from right) spent two periods of time doing Post Doctoral research at

LAAS CNRS in Toulouse, France.
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sl

Dr. Poonyasiri Boonpeng working at LAAS, CNRS in Toulouse for his Post Doctoral research under the

supervision of Dr. Fontaine Chantal after his Ph.D. graduation from Chulalongkorn University.
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Mr. Nay Myo Tun finished his master degree from Chulalongkorn University. He worked on GaAs
transistor for his graduate study. He is now working as a lecturer at a University in Myanmar outside
Yangon. He is one of pioneers in developing nanotechnology in Myanmar. (Photo was taken at Inya lake

near Aung San Suu Kyi’s house in Yangon on 9 November 2013)
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Prof. David, head of EE department of Chulalongkorn University joins with Dr. Cho Cho Thet, Dr. Soe
Soe Han and Dr. Nanthidar Chit Swe at Rector Office of Yangon University. These 3 Myanmar ladies are
alumni of Chulalongkorn University. All of them graduated with Ph.D. degrees from Chulalongkorn

University. (This photo was taken at Rector Office of Yangon University on 10 December 2013)

Dr. Cho Cho Thet is now a researcher at Research Institute of Yangon University. She is also an assistant

to Rector Office in charge of international affairs of Yangon University in Myanmar.

Dr. Soe Soe Han is now a lecturer at her home-town University outside Yangon.

Dr. Nanthidar Chit Swe is now also a member of Research Institute of Yangon University doing her

research on solar cell.
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INTERNATIONAL COLLABORATION

Invited talk was given at LAAS, CNRS in Toulouse, France on Quantum Nanostructures for
Nanolectronics and Nanophotonics. Many collaborators including Prof. G. Grataloup, former director of
LAAS during 1975-1980, Prof. A. Martinez, Prof. Pierrel, Dr. Francois Rozes, Dr. Chantal Fontaine

attended the presentation.

Reception-lunch at LAAS. CNRS, Toulouse after an invited talk.



X1iv

Dr. Karl Eberl, former MBE group leader of Max Planck Institute and the CEO of MBE Komponent Inc.,
is our technical collaborator in MBE machine operation and maintenance as well as research on Quantum
Nanostructures. He is an expert who assists our research group to start the new project on GaSb quantum

dots.

Prof. Yasuhiko Arakawa, University of Tokyo is world class scientist who collaborates with our research
group. He was invited to be Ph.D. thesis examination committee member of our several Ph.D. students.
He was co-advisor of our Ph.D. student from Myanmar, Dr. Nanthidar Chit Swe and accepted her doing

research at his laboratory in Japan during her graduate study at Chulalongkorn University.



XV

Prof. Charles Tu is Vice-Dean at University of California San Diego, USA. He was invited to be one of
Ph.D. thesis examination committee members for our several Ph.D. students. He accepted a Thai student,
Dr. Suwaree Suraprapapich, doing research at his laboratory at UC San Diego. He is now on sabbatical

leave as a visiting professor at National Sun Yat Sen in Taiwan.
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Abstract
Project Code : DPG5380002
Project Title  : Sis Konkuti Rooted-Frontier Research on Nanoelectronics and Nanophotonics
Investigator  : Prof. Dr. Somsak Panyakeow Assoc. Prof. Dr. Banyong Toprasertpong
Assoc. Prof. Dr. Choompol Antarasena Assoc. Prof. Dr. Somchai Ratanathammaphan
Assoc. Prof. Dr. Songphol Kanjanachuchai Lecturer Dr. Chanin Wissawinthanon
Mr. Supachok Thainoi Mr. Pornchai Changmoang

Semiconductor Device Research Laboratory, Department of Electrical Engineering,

Faculty of Engineering, Chulalongkorn University

Project Period : 3 years

This research project on “Rooted Sis Konkuti: Fundamental Research on Nanoelectronics and
Nanophotonics” has been supported by “TRF Distinguished Research Professor” during 2010-2013. Two
main objectives are human development in S&T and by doing a fundamental research on nanotechnology.
Man power development is focused on graduated students at Ph.D. level with a recruitment process from
undergraduate students with good academic performance. After some experience as post doctoral
researcher, they become driving force for local industry and academic community. The fundamental
research on nanoelectronics and nanophotonics has been conducted since 2000 with the series of supports
from “TRF Senior Research Scholar” / “AOARD-USA” / “National Nanotechnology Center” and
Chulalongkorn University.

During 3 years of “TRF Distinguished Research Professor”, research outputs on nanostructures,
i.e. quantum dots, quantum dot molecules, quantum rings, etc., using III-V compound semiconductors like
arsenide, phosphide and artimonide being grown by molecular beam epitaxy which can control those
nanostructures at atomic scale on Gallium Arseride and Germanium substrates. Analytical work by atomic
force microscopy (AFM) gives us the details of those nanostructures being related to growth informations
from reflected high energy electron diffraction (RHEED). Emission spectrum from nanostructures by
photoluminescence technique gives us the understanding of their physical, electrical and optical properties,
which is vital in nanoelectronic and nanophotonic device applications, such as quantum computer,

quantum dot lasers, quantum dot solar cells. These are new wisdom for the future global society.
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Executive Summary

The key outputs of this research project “Rooted Sis Konkoti: Fundamental Research on
Nanoelectronics and Nanophotonics” are S&T human resource development and scientific works on
nanotechnology. Recent progress on nano-scale electronics inspires young engineers to search for new
applications in quantum computation, quantum devices which are fast, energy efficient and less material
consumption. Some electrical engineering undergraduate students with good academic performance are
recruited to continue their higher education to Ph.D. level and later-on to post doctoral research on this
challenging field of study. They are called “Sis Konkuti” who become hope for scientific development in
our country. Some of them are active in industry, research institutes and universities.

This research project has been supported by many organizations during the past decades to set up
advanced research equipments and infrastructure. Two chambers of molecular beam epitaxy (MBE) are
the main research tool to create different kinds of nanostructures like quantum dots, quantum dot
molecules, quantum rings, etc. from III-V compound semiconductors. During 3 years of TRF
Distinguished Research Professor, more effort on Antimonide (Sb) based nanostructures is focused.
Combination of ITI-V compound semiconductor with elemental Germanium (Ge) substrates is another new
approach of this project. They are potentials for new generation of high performance solar cells and
infrared detectors.

In 2010, 2011, 2012 and 2013, 27 international papers have been published in several journals
such as Journal of Crystal Growth, Journal of Microelectronic Engineering, Journal of Nanoseience and
Technology, Journal of Solar Energy Materials and Solar Cells. Contributed chapter to a text book on
“Quantum Dot Molecules” are also invited by the well known editor, Prof. Zhiming Wang. A book written
in Thai on “Nanoelectronics and Nanophotonics” is in press by Chulalongkorn University Press. This
book is aimed to inspire young students both in high school and university levels.

During the past 3 years, 23 and 33 papers have been presented at National and International
Conferences. Some of them are invited and plenary talks at different conferences both in Thailand and at
foreign countries.

In addition, 3 patents are submitted in 2013.
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(Keynote Speakers), Somsak Panyakeow, The First International Conference on Science
and Engineering (ICSE 2010), Sedona Hotel, Yangon, Myanmar, 2-3 December, 2010.
“Effect of Thermal Annealing on the Photoluminescence of Self-Assembled
InGaAs/GaAs Quantum Rings with Squarelike Nanoholes by Droplet Epitaxy”,
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Somchai Ratanathammaphan and Somsak Panyakeow, (Invited Talk) Villa Conference
on Interactions Among Nanostructures (VCIAN 2011), Red Rock Casino, Resort & Spa,
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Somchai Ratanathammaphan, Somsak Panyakeow, and Chantal Fontaine, NanoThailand
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“Evolution of Quantum Ring to Quantum Dot in Ring on GaAs (001) Grown by Droplet
Epitaxy”, Poonyasiri Boonpeng, Supachok Thainoi, Somsak Panyakeow and Somchai
Ratanathammaphan, The 17th International Conference on Molecular Beam Epitaxy
(MBE 2012), Nara, Japan, 23-28 September, 2012.

“Multi-stacked InAs Quantum Dot Chains on InGaAs/GaAs Cross-Hatch Patterns”,
T. Chockumnoey, Somsak Panyakeow, and Songphol Kanjanachuchai, The 17th
International Conference on Molecular Beam Epitaxy (MBE 2012), Nara, Japan, 23-28
September, 2012.

“Complex Nanostructures of Semiconductor Quantum Rings and Quantum Dots by
Molecular Beam Epitaxy”, (Invited Talk), Poonyasin Boonpeng, Naraporn Pankaow,
Suwit Kiravittaya, Somchai Ratanathammaphan, and Somsak Panyakeow, Collaborative
Conference on Crystal Growth (3CG 2012), at Orlando, Florida, U.S.A., 10-14
December, 2012.

“Effects of Sb, Soaking Time and Low V/III Ratio on GaSb/GaAs Quantum Dots”,
Maetee Kunrugsa, Patchareewan Prongjit, Naraporn Pankaow, Somsak Panyakeow, and
Somchai Ratanathammaphan, 7th International Conference on Materials for Advanced
Technologies, ICMAT-2013), Singapore, 30 June-5 July, 2013.

“A Hybrid Growth of Self-Assembled InAs/GaAs Quantum Dots”, Maetee Kunrugsea,
Patchareewan Prongjit, Narapom Pankaow, Somsak Panyakeow, and Somchai
Ratanathammaphan, 7th International Conference on Materials for Advanced
Technologies, ICMAT-2013), Singapore, 30 June-5 July, 2013.

“Quantum-Dot Ring Formation by Strained Droplet Epitaxy”, Suwit Kiravittaya,
Poonyasiri Boonpeng, Wipakorn Jevasuwan, Somchai Ratanathammaphan, and Somsak
Panyakeow, 17th International Conference on Crystal Growth and Epitaxy (ICCGE-17)
Warsaw, Poland, 11-16 August, 2013.

“Molecular Beam Epitaxial Growth of GaSb Quantum Dots on Ge Substrates”, Suwit
Kiravittaya, Maetee Kunrugsa, Suwat Sopitpan, Somchai Ratanathammaphan, and
Somsak Panyakow, 17th International Conference on Crystal Growth and Epitaxy

(ICCGE-17), Warsaw, Poland, 10-16 August, 2013.
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“Design of PV System for Simultaneous Direct and Diffused Sunlight Application Using
Line Concentrator” Pornchai Changmuang, Pattaha Pantuwong, Supachok Thainoi,
Songphol Kanjanachuchai, Somchai Ratanathammaphan, and Somsak Panyakeow, 28th
European PV Solar Energy Conference and Exhibition (EU-PVSEC 2013), Paris, France,
30 September-4 October, 2013.

“GaSb/GaAs Quantum Dots on (001) Ge Substrates for Photovoltaic Applications”,
Suwit Kiravittaya, Maetee Kunrugsa, Supachok Thainoi, Songphol Kanjanachuchai,
Somchai Ratanathammaphan, and Somsak Panyakeow, The 23rd International
Photovoltaic Science and Engineering Conference (PVSEC-23), Taipei, Taiwan,
28 October-1 November, 2013.

“Photovoltaic Research, Manufacturing and Applications in Thailand”, (Invited Talk),
Somsak Panyakeow, National Sun Yat-Sen University, Kaohsiung, Taiwan, 30 October,
2013.

“Research on Quantum Nanostructures for New Generation Solar Cells and Infrared
Detectors for Night Vision Applications” (Invited Talk), Somsak Panyakeow, The
Fourth International Conference on Science and Engineering, (ICSE 2013), Sedona
Hotel, Yangon, Myanmar, 9-10 December, 2013.

“Perspective of Solar Cell Research and Application” (Plenary Talk), Somsak
Panyakeow, The Fourth International Conference on Science and Engineering, (ICSE
2013), Sedona Hotel, Yangon, Myanmar, 9-10 December, 2013.

“Research Motivation on Nanoelectronics”, (Invited Talk), Somsak Panyakeow, Yangon
University, 10 December, 2013.

“Solar Cell Research and Applications”, (Invited Talk), Somsak Panyakeow, National

Management College, Yangon, 13 December, 2013.
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1.4.1

“Quadra-Quantum Dots and Related Patterns of Quantum Dot Molecules: Basic
Nanostructures for Quantum Dot Cellular Automata Application”, Somsak Panyakeow,
Cellular Automata-Innovative Modelling for Science and Engineering, Edited by

Alejandro Salcido, 2011.
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1.4.2  “InP Ring-Shaped Quantum Dot Molecules by Droplet Epitaxy”, Wipakorn Jevasuwan,
Somchai Ratanathammaphan, and Somsak Panyakeow, in Quantum Dot Molecules,
Jiang Wu , Zhiming M. Wang, Eds., Springer, New York, 2014.

1.4.3  “Optical Properties of Lateral InGaAs Quantum Dot Molecules Single- and Bi-Layers”,
Songphol Kanjanachuchai, Nirat Patanasemakul, Natapong Thongkamkoon, Nitidet
Thudsalingkarnsakul, Naparat Siripitakchai, Pornchai Changmoang, Supachok Thainoi,
and Somsak Panyakeow, in Quantum Dot Molecules, Jiang Wu , Zhiming M. Wang, Eds.,
Springer, New York, 2014.
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